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IN THE CLAIMS 

Claim 1 (Currently Amended) An attenuating phase shift mask blank for use in 
lithography comprising: 

substrate; 

a phase shifting layer disposed on said substrate; 

saM phase shifting layer comprising a {qq surface layer rich in oxygen; 

said jsQ. surface layer comprises a higher concentration of oxygen than 
that part of said phase shiflSng layer not including said surface layer; 

said phase shift mask blank Is capable of producing a photomask with 
substantially 180'* phase shift and an optical transmission of at least 
0.001% at a selected wavelength of <500nm. 

Claim 2 (Original) An attenuated phase shift mask blank according to claim 1 wherein 
the phase shifting layer comprises a composite material of formula AuBxNyOz. where A is 
an element selected from the group consisting of Groups IVA, VA, or VIA; and B is 
selected from the group consisting of an element from Groups II, IV, V, the transition 
metals, the lanthanides and the actinldes; wherein w is in a range between 0.1 and 0.6, 
X la in a range between 0.01 and 0.2 , y is in a range between 0 and 0.6, and z is in a 
range between 0 and 0.7. 

Claim 3 (Original) An attenuated phase shift mask blank according to claim 1 wherein 
the phase shifting layer comprises a material selected from the group consisting of a 
silicon/ titanium/nitrogen composite and a silicon/titanium/nitrogen/oxygen composite. 
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Claim 4 (Original) An attenuated phase shift mask blank according to claim 3 wherein 
said silicon/titanium/nitrogen composite has structural formula SiwTixNy wherein w = 
0.1-0.6, X = 0.01-0.2. y = 0.3-0.6. 

Claim 5 (Original) An attenuating phase shift mask blank according to ciaim 3 wherein 
said slllcon/tltanium/nitrogen/oxygen composite has structural formula SlwTixNyOs 
wherein w = 0.1-0.6, x = 0.01-0.2, y = OM3.6, and z=0-0.7. 

Claim 6 (Original) An attenuating phase shift mask blank aoooiding to daim 1, wherein 
the phase shifting layer has a thickness of from about 400 A to about 2000 A wherein 
said surface layer rich in oxygen has a thickness of from about 10 A to about 150 A. 

Claim 7 (Currently Amended) A method of fabricating an attenuating phase shift mask 
blank for use in lithography comprising: 

providing a substrate; 

disposing a thin layer of phase shifting layer on said substrate; 

saM Phase shifting laver comprises a too surface iaven 

said ioQ surface layer comprises a higher concentration of oxygen than 
that part of said phase shifting layer not including said surface layer; 

forming a surface layer rich in oxygen on said phase shifting layer. 

wherein saki blank is capable of producing a photomask with 180** phase 
shift and an optical transmission of at least 0.001 % at a selected 
wavelenth of <500nm. 
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Claim 8 (Original) A method according to claim 7 wherein the phase shifting layer 
comprises a composite material of formula AwBxNyOz, where A Is an element selected 
from the group consisting of Groups IVA, VA, or VIA; and B is selected from the group 
consisting of an element from Groups II, IV, V, the transition metals, the lanthanldes 
and the actinides; wherein w is in a range between 0.1 and 0.6, x is in a range between 
0.01 and 0.2, y re in a range between 0 and 0.6. and z is In a range between 0 and 0.7. 

Claim 9 (Original) A method according to claim 7 wherein the phase shifting layer 
comprises a material selected from the group consisting of a sillcon/trtanlum/nitrogen 
composite and a silicon/titanium/nltrogen/oxygen composite. 

Claim 10 (Currently Amended) A method according to claim 9 wherein said 
sillcon/tltanlum/nftrogen composite has stmctural fonnula SUTixNy wherein w » 0.1~0.6, 
X = 0.01^.2, y = 0.3-0.6. y [[z]] =0-0.7. 

Claim 1 1 (Original) A method according to claim 9 wherein said 
siiiconAitanium/nitrogen/oxygen composite has structural formula SlwTlxNyOz wherein w 
= 0.1-0.6. X = 0.01-0,2, y = 0-0.6. and z=0-0.7. 

Claim 12 (Original) A method according to claim 7 wherein the phase shifting layer is 
fomied by sputter deposition from a target of a composite material (Sii^Tix) wherein 
x=0.01-0.5 by a method selected from the group consisting of RF matching network, 
DC magnetron, AC magnetron, pulsed bipolar DC magnetron and RF diode. 

Claim 13 (Original) A method according to claim 12 wherein the substrate is disposed in 
a holder which can be either planetary or stationary and/or rotating or non-rotating. 
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Claim 14 (Original) A method according to claim 8 wherein the phase shifting fayer is 
fornied by sputter deposition from a target of a composite material (Sii^Tlx) wherein 
x=0.01-0.5 by a method selected from the group consisting of RF matching networl^, 
DC magnetron. AC magnetron, pulsed bipolar DC magnetron and RF diode. 

Claim 15 (Original) A method according to daim 14 wherein the substrate is disposed in 
a holder which can be either planetary or stationary and/or rotating or non-rotating. 

Claim 16 (Original) A method according to claim 9 wherein the phase shifting layer is 
formed by sputter deposition from a target of a composite material (Sli.xTix) wherein 
x=0.01~0.5 by a method selected from the group consisting of RF matching networl<, 
DC magnetron, AC magnetron, pulsed bipolar DC magnetron and RF diode. 

Claim 17 (Original) A method according to claim 16 wherein the substrate is disposed In 
a holder which can be either planetary or stationary and/or rotating or non-rotating. 

Claim 18 (Original) A method according to daim 7 wherein the phase shifting layer is 
formed by sputter deposition from two or more targets of different compositions using a 
technique selected from the group consisting of RF matching network, DC magnetron, 
AC magnetron, pulsed bipolar DC magnetron and RF diode. 

Claim 19 (Original) A method according to daim 18 wherein said two or more targets 
are selected from the group consisting of Si3N4 and Ti targets, or (Sli.>TtJ wherein 
x=0,01*'0.5 and Ti targets. 

Claim 20 (Original) A method according to daim 18 wherein the substrate is disposed in 
a holder which can be either planetary or stationary and/or rotating or non-rotating. 
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Claim 21 (Original) A method according to claim 8 wherein the phase shifting film is 
formed by sputter deposition from two or more targets of different compositions using a 
technique selected from the group consisting of RF matching network, DC magnetron, 
AC magnetron, pulsed bipolar DC magnetron and RF diode. 

Claim 22 (Original) A method according to claim 21 wherein said two or more targets 
are selected firom the group consisting of SisN4 and Ti targets, or (Sh^Tii) wherein 
x=0.01~0.5 and Ti targets. 

Claim 23 (Original) A method according to claim 21 wherein the substrate is disposed In 
a holder which can be either planetary or stationary and/or rotating or non-rotating. 

Claim 24 (Original) A method according to daim 9 wherein the phase shifting layer Is 
fomied by sputter deposition from two or more targets of different compositions using a 
technique selected from the group consisting of RF matching network, DC magnetron, 
AC magnetron, pulsed bipolar DC magnetron or RF diode. 

Claim 25 (Original) A method according to claim 24 wherein said two or more targets 
are selected from the group consisting of Si3N4 and Ti targets, or (Sli^Ti.) wherein 
x=:0.01'<'0.5and TI targets. 

Claim 26 (Original) A method according to claim 24 wherein the substrate is disposed in 
a holder which can be either planetary or stationary and/or rotating or non-rotating. 

Claim 27 (Original) A method according to claim 7 wherein structural changes occur In 
said phase shifting layer to stabilize against radiation and chemical treatment by 
including an increased surface oxygen concentration to form said surface layer rich in 
oxygen which is obtained by annealing at elevated temperature in an atmosphere 
selected from the group consisting of air, oxygen, vacuum and a mixture of gases 
selected from the group consisting of O2, N2, Hz, Ar, Kr. Ne. He. Oa and H2O. 
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Claim 28 (Original) A method according to claim 8 wherein structural changes occur in 
said phase shifting layer to stabilize against radiation and chemical treatment by 
including an increased surface oxygen concentration to form said surfece layer rich in 
oxygen which Is obtained by annealing at elevated temperature rn an atmosphere 
selected from the group consisting of air, oxygen, vacuum and a mixture of gases 
selected ifom the group consisting of O2. Na, H2, Ar, Kr, Ne. He, Oa and H2O. 

Claim 29 (Original) A method according to claim 9 wherein structural changes occur in 
said phase shifting layer to stabilize against radiation and chemical treatment by 
including an increased surface oxygen concentration to form said surface layer rich In 
oxygen which is obtained by annealing at elevated temperature in an atmosphere 
selected from the group consisting of air, oxygen, vacuum and a mixture of gases 
selected from the group consisting of 02, N2. H2, Ar, Kr, Ne, He, O9 and HaO. 

Claim 30 (Original) A method according to claim 7 wherein the annealing can be done 
by using methods selected from the group consisting of laser annealing, plasma 
annealing, themial annealing, microwave annealing and radiation treatment. 

Claim 31 (Original) A method according to claim 8 wherein the annealing can be done 
by using methods selected firom the group consisting of laser annealing, plasma 
annealing, thennal annealing, microwave annealing and radiation treatment. 

Claim 32 (Original) A method according to daim 9 wherein the annealing can be done 
by using methods selected from the group consisting of laser annealing, plasma 
annealing, thermal annealing, microwave annealing and radiation treatment. 
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Claim 33 (Currently Amended) A method of fabricating an attenuating phase shift mask 
blank for use in lithography comprising: 

providino a substrate: 

disposing a thin laver of phase shifting iaver on said substrate: 

said surface layer comprises a higher concentration of oxygen than that 
part of said phase shiftina laver not including said surface layer: 

forming a surface laver rich In oxygen on said phase shifting laven 

wherein said blank Is capable of producing a photomask with 180' phase 
shift and an optical transmission of at least 0 .001 % at a selected 
wavelenth of <500nm: 

A method acco r d i ng to c l aim 7 wh e re i n the surface layer rich in oxygen is 
obtained by oxygen plasma bombardment. 

Claim 34 (Currently Amended) fii method of fabricating an attenuating phase shift mask 
blank fbr use in lithography comprising: 

providing a substrate: 

dISDOSing a thin laver of phase shifting layer on said substrate: 

said surface laver c omprises a hi gher cpncentration of oxygen than that 
part of said phase shrfting layer n ot including said surface laver 

forming a surface layer rich in oxy oen on said phase shifting laver: 
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wherein said blank Is capable of producing a photomask with 180° phase 
shift and an optical transmission of at least 0.001 % at a selected 
wavelenth of <50Qnm: 

the Phase shifting lay er comprises a composite material of formula 
A,BvNA where A is an element selected from the group consisting of 
Groups iVA. VA. or VIA: and B is selected from the group consistlno of an 
element from Grou ps II. IV. V. the transition metals, the lanthanides and 
the actinides: wherein w is In a ranffe between 0.1 and 0 .6. x is in a ranoa 
between 0.01 and 0 .2. v Is in a range between 0 and 0.6. and z is in a 
range between 0 and 0.7: 

A mothod oeeording to olaim 8 wherein the surface layer rich In oxygen is 
obtained by oxygen plasma bomt)ardment. 

Claim 35 (Currently Amended) A method of fabricating an attenuating phase shift mask 
blank for use in ilthooraphv comprising: 

pfpvkjing a substrate: 

disposing a thin layer of phase shifting layer on said substrate: 

said surface layer comprises a htaher conce ntratton of oxvoen than that 
part of said phase sh ifting laver not indudlno saM surface laver: 

forming a surface laver rich in oxv oen on said phase shifting laver 

wherein said blank Is capable of producing a photomask with 180° phase 
shift and an optical transmission of at least 0.001 % at a selected 
wavelenth of <500nm! 
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the_ phase shifting_layerca3_rnj^ri$_e^^^ material of formuja 

A,B>NvQ, where A is an element selected from the oroup c onsisting of 
Groups IVA. VA. or VIA: and B Is selected from the oroirp consisting of an 
element from Groups II. IV. V. the transition metals, the lanthanides and 
the actinides: wherein w Is in a range Ijetween 0.1 and 0.6. x is in a range 
between 0.01 and 0.2. v is in a range between 0 and 0.6. and z Is In a 
range between Q and 0.7: 

the Phase shrfting laver oomprtses a material selected from the group 

consisting of a silicon/tltanium/nitrogen composite and a 
silicon/titanium/nitropen/oxypen composite: 

A method accord i ng to claim 9 whoro i n the surface layer rich In oxygen is 
obtained by oxygen plasma bombardment. 

Claim 36 (Cun^ntly Amended) A method of fabricating an attenuating phase shift mask 
blani< for us e in lithography comprising: 

providing a substrate: 

disposing a thin layer of phase shitting laver on said substrate: 

?ald surface layer oomprises a higher oonc entration of oxvoen tt^an that 
part of said phase shifting layer not including said surface layer: 

forming a_s_ujrface layer rich in oxvoen on said phase shifting layer: 

wherein said blank is capable of producing a photomasi^ with 180* phase 
shift and an optical transmission of at least 0.001 % at a selected 
wavelenth of <500nm: 
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A method aocord i ng to Giaim 7 whorcin an oxygen partial pressure of the 
process gas during deposition is increased at the final stage of deposition. 

Claim 37 (Currently Amended) A method of fabricating a n attenuating Phase shift mask 

>)ianK for M^.ei.in lithography ggmprising; 

providing a substrate: 

disposing a thin layer of phase shifting layer on said substrate: 

said surface layer comprises a higher concentration of oxvoen than that 
part of said phase shifting layer not including said surface layer 

fonming a surface layer rich In oxygen on said phase ^hlfHng layer 

wherein said blank Is capable of producing a photomask with 180** phase 
shift and an optical transmission of at least 0.001 % at a selected 

wavetenth of <5QQnm: 

the Phase shifting layer comprises a oprojaosite material of Ibmiula 
AwB^NvQz where A is an element selected from the group consisting of 
Groups IVA. VA. or VIA: and B is selected from the group consisting of an 
element from Groups II. IV. V. th e transition metals, the lanthanides and 
the actinMes: wherein w Is In a range between 0.1 and 0.6. x is in a range 
between Q.QI and 0.2. v is in a range between 0 and 0.6. and z is in a 
range betwe en 0 aodJLT: 

A n pi ethod aooording to claim 8 whcro i n an oxygen partial pressure of the 
process gas during deposition is increased at the final stage of deposition. 
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Claim 38 (Currently Amended) A method of fabricating an attenuating p hase sf^jft fp^ sh; 
biant< for use in lithography CQmnriaina: 

providing a substrate: 

disposing a thin layer of phase shfftina laver on said substrate: 

said surface layer comprises a higher concentration of oxygen than that 
part of said phase shifting laver not including said surface laver: 

forming a surface layer rich in oxygen on said phase shifting layer: 

wherein said blank is capable of orodudna a photomask with 180' phase 
shift and an optical transmission of at least 0.001 % at a selected 
wavelenth of <500nm: 

the Phase shifting laver comprises a composite material of formula 
AuBvNyO, where A Is an element selected from the group consisting of 
Groups IVA. VA. or VIA: and B is selected from the group oonsistino of an 
element from Groups 11. IV. V. the transition metals, the lanthanides and 
the actlnides: wherein w is in a range between 0.1 and 0.6. x Is in a range 
between 0.01 and 0.2. y is in a range between 0 and 0.6. and z is in a 
range between 0 and 0.7: 

the Phase shifting laver comprises a material selected from the oroup 
consisting of a silicon/tft anium/nltrQqen composite and a 

silicon/titanlum/nltrQaen/oxvaen composite: 

A - fnethod - QGcording to claim 0 whcroln an oxygen partial pressure of the 
process gas during deposition is increased at the final stage of deposition. 
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Claim 39 (Original) A method according to claim 7 wherein the sputter target is made by 
hot isostatic pressing. . 

Claim 40 (Original) A method according to claim 8 wherein the sputter target is made by 
hot isostatic pressing. 

Claim 41 (Original) A method according to claim 9 wherein the sputter target is made by 
hot i&ostatic pressing. 

Claim 42 (Original) A method according to claim 7 wherein the sputter target is made of 
a mixture of metal sillcide and silicon. 

Claim 43 (Original) A method according to claim 8 wherein the sputter target Is made of 
a mixture of metal sllidde and silicon. 

Claim 44 (Original) A method according to claim 9 wherein the sputter target Is made of 
a mbrture of metal sillcide and silicon. 

Claim 45 (Original) A method according to claim 7 wherein the sputter target is made of 
a mixture of titanium sillcide and silicon. 

Claim 46 (Original) A method according to claim 8 wherein the sputter target is made of 
a mixture of titanium sillcide and silicon. 

Claim 47 (Original) A method according to claim 0 wherein the sputter target is made of 
a mixture of titanium silicide and silicon. 



Docket No. YOR920010135U82 Page 13 of 15 Serial No. 10/657.665 

PAGE 13/15 ' RCVD AT 512112004 4:57:53 PM [Eastern Dayligtt 



